Introduction
The last four decades have witnessed major transformations in the approach to the diagnostic work-up and therapeutics in the field of hematology. The identification of the Philadelphia chromosome in Chronic Myelogenous Leukemia has served as a prototype for diagnosis and subsequent monitoring of response. This discovery has led to the understanding of the pathogenesis and subsequent developments in therapeutic targeting the pathways. These principles have helped evolve therapeutic strategies aimed at molecular pathways in several disorders. Acute leukemias were classified based on morphology and cytochemistry supplemented by immunophenotyping, as proposed by the French-American-British (FAB) group. Following advances and greater access to immunophenotyping techniques and simultaneous refinements in cytogenetic methods, the MIC groups proposed the classification of acute leukemias incorporating morphology, immunologic typing and cytogenetic analysis. MIC-M classification granted recognition to molecular genetic information by formally incorporating it into the classification (Bain BJ, 1998) . In 2001, the World Health Organization (WHO), in collaboration with the Society for Hematopathology and the European Association of Haematopathology, published a Classification of Tumors of the Hematopoietic and Lymphoid Tissues as part of its 3 rd edition of the series, WHO Classification of Tumors (Jaffe ES et al, 2001 ). This classification system was a worldwide consensus classification system for hematological malignancies. It stratified neoplasms according to the lineage. Within each category distinct entities are defined based on morphology, immunophenotype, genetic features and clinical syndromes. The classification reflected a paradigm shift from previous schemes as for the first time, genetic information was incorporated. A revised classification was published in 2008 as the 4th edition of the WHO monograph series (Swerdlow SH et al, 2008) . The revision incorporates new scientific and clinical information. Refined diagnostic criteria for previously described neoplasms and newly recognized distinct entities have been defined. The new classification defines 108 new diagnostic entities in hematopathology, including 50 new or provisional leukemia entries and also recognizes provisional entities that have a definite prognostic significance (Arber DA, 2010; Betz BL & Hess JL, 2010; Swerdlow SH et al, 2008) . (Goasguen JE et al, 1991; Mufti GJ et al, 2008) (Mufti GJ et al, 2008; Swerdlow SH et al, 2008; Vardiman JW et al, 2009 ). Myeloblasts were defined as the cells with high N:C ratio, easily visible nucleoli and usually fine nuclear chromatin, however, with a variable nuclear shape. Cytoplasmic features are variable in terms of basophilia, granules and Auer rods. Golgi zones are not detected except in cases of AML with t(8;21), where these are prominent and seen as perinuclear clearing or hofs (Figure 1c) . The agranular blasts corresponded to FAB type I blasts and the granular blasts included both type II blasts of FAB and type III blasts of Goasguen JE et al (Mufti GJ et al, 2008; Goasguen JE et al 1991; Swerdlow SH et al, 2008) . The promyelocytes of acute promyelocytic leukemia (APL) with PML-RARA are the blast equivalents and these are morphologically of two types -the classical or hypergranular and the microgranular or hypogranular types (Vardiman JW et al, 2002) . The hypergranular promyelocytes are characterized by kidney-shaped or bilobed nuclei, although the shape may greatly vary (Liso V & Bennett J, 2003; Sainty D et al, 2000) . The cytoplasm is marked by densely-packed granules, sometimes may obscure nuclear margins, and variable presence of Auer rods ( Figure 1d ). Some cells may be characterized by bundles of Auer rods (faggot cells). The promyelocytes of microgranular variant have bilobed, multilobed, or reniform nucleus and under usual staining are devoid of granules or contain fine azurophilic granules (Figure 1e ) (Golomb HM et al, 1980; Sainty D et al, 2000) . There are few cases of variant RARA translocations; of these those associated with ZBTB16 fusion partner at 11q23 have a characteristic morphology. These cells have regular nuclei, many granules, usual absence of Auer rods, and an increased number of Pelgeroid neutrophils (Corey SJ et al, 1994; Melnick A & Licht JD, 1999; Sainty D et al, 2000) . Monoblasts are large cells with abundant cytoplasm, which is light grey to deeply blue and may show pseudopod formation ( Figure  1f ). The nuclei are round to oval with delicate lacy chromatin and prominent nucleoli. Promonocytes are counted as monoblast equivalents (Vardiman JW et al, 2002) . These cells have a delicate convoluted, folded or grooved nucleus with finely dispersed chromatin, a small indistinct or absent nucleolus, and finely granulated cytoplasm (Figure 1g ). Distinction of promonocytes from abnormal monocytes is essential but very difficult on morphological basis as the diagnosis of acute monocytic or acute myelomonocytic leukemia versus chronic myelomonocytic leukemia depends on this distinction; therefore, flow cytometry and other methods are needed to improve specificity. The abnormal monocytes are characterized by more clumped chromatin, variably indented, folded nuclei and grey cytoplasm with more abundant lilac colored granules. Megakaryoblasts are usually medium to large in size with a round, indented or irregular nucleus with finely reticular chromatin and one to three nucleoli. Cytoplasm is basophilic, agranular, and may show cytoplasmic blebs (Figure 1h ) (Bennett JM, 1985) . Small dysplastic megakaryocytes and micromegakaryocytes, seen in various myeloid neoplasms, are not blasts. Erythroid precursors (erythroblasts) are not counted as blasts, except in cases of pure erythroleukemia (a variant of AML-M6), where these are considered as blast equivalents. The cells are basically proerythroblasts, which are medium to large-sized, with round nuclei, fine chromatin and one or more nucleoli. The cytoplasm is deeply basophilic, agranular and frequently contains poorly demarcated vacuoles (Swerdlow SH et al, 2008) . Acute leukemias with FLT3 mutations have characteristic blasts with nuclear invaginations spanning more than 25% of the nuclear diameter or a prominent ''fishmouth'' nucleus (Chen W et al, 2006; Kussick SJ et al, 2004; McCormick et al 2010) .
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Fig. 2. AML with myelodysplasia related changes (Giemsa stain,1000x) (a) Erythropoiesis is megaloblastoid with multinucleate erythroblasts and blasts in the background (b) Dyspoietic dwarf megakaryocytes with megaloblastoid erythropoiesis.
The blasts are expressed as the percentage of nucleated cells and the count is typically based on a 200-cell count in peripheral blood and 500-cell count in the bone marrow. If there are more than 50% erythroid precursors, the erythroid progenitors are also excluded from the blast count. This is quite important in the diagnosis of acute erythroleukemia, where the erythroid precursors are > 50% of the total nucleated cells and the myeloblasts are > 20% of the non-erythroid marrow nucleated cells (Swerdlow SH et al, 2008) . Pure erythroid leukemia consists of precursors committed exclusively to erythroid lineage, which are > 80% of marrow nucleated cells without evidence of a significant myeloblast component. In rare cases, the diagnosis of acute leukemia can be made with low marrow blast count (< 20%) when associated with recurring genetic abnormalities as t(8;21)(q22;q22), inv(16)(p13.1q22), or t(16;16)(p13.1;q22) or t(15;17)(q22;q12) (Vardiman JW et al, 2002) . These entities not only define unique disease with characteristic morphology, clinical features and biology but also have a significant prognostic implications. In AML with t(8;21), many neoplastic cells have abundant granules that may be mistaken as promyelocytes.
Relevance of non-blast myeloid precursors:
The evaluation of other precursors may give important information. The presence of immature eosinophilic granules in the promyelocyte and myelocyte stages is an important diagnostic feature of cases of AML with inv(16)(p13.1q22), or t(16;16)(p13.1;q22). These granules are often larger than those normally present in immature eosinophils, purple-violet in color, and in some cases are so dense that they obscure the cell morphology. It is important to assess the degree of dysplasia in the different lineages. Dysplasia in at least 50% of the cells in 2 or more hematopoietic lineages is essential for the morphological diagnosis of AML with myelodysplasia related changes, which has adverse prognostic implications (Figures 2a and 2b ) (Arber DA et al, 2003; Vardiman JW et al, 2009; Weinberg OK et al, 2009; Yanada M et al, 2005) . The dysplastic features are also seen in cases of therapy-related myeloid neoplasms, AML with t(6;9)(p23;q34), and AML with inv(3)(q21q26.2) or t(3;3)(q21;q26.2) (Swerdlow SH et al, 2008) .
Bone Marrow Biopsy
It is done when the aspirate is a dry tap to evaluate for the presence of blasts (Figure 3a) , especially in AML-M7 and in situations where there are significant stromal changes ( Figure  3b ) (Bennett JM, & Orazi A, 2009; Lorand-Metze I et al, 1991) .
www.intechopen.com 3(a) 3(b) Fig. 3 . Bone marrow biopsy in AML: (a) Paratrabecular collection of blasts with large vesicular nucleus (H&E stain, 400x) (b) Hypoplastic AML with prominence of fat spaces, interstitial blast prominence and dyspoietic megakaryocytes in the background (H&E stain, 100x)
Myeloid sarcomas
These may sometimes be preceeding or associated acute leukemias. The differentiation from lymphoblastic leukemia and round cell tumors is essential. These can involve almost any site of the body (Figure 4) . These need to be differentiated from other malignancies -as lymphoblastic leukemia, lymphomas, round cell tumor, carcinomas, round cell melanomas, etc. Immunohistochemistry is done to resolve these issues. Molecular studies may be performed-FISH or PCR to further look for specific genetic abnormalities. These are a common occurence in AML with t(8;21). Usually these patients need allogeneic /autologous transplantation and have better survival rates as compared to other modalities as high dose chemotherapy, radiation or surgery (Pileri SA et al, 2007) . 
Cytochemistry
The role of cytochemistry has become redundant in WHO 2008 with the regular use of flow cytometry for the lineage determination (Arber DA, 2010; Betz BL & Hess JL, 2010) . The stains generally used for identifying lineage type are myeloperoxidase (MPO), Sudan black B, nonspecific esterases (NSE), chloro-acetate esterase and periodic acid-Schiff. The MPO stain is most specific indicator of myeloid differentiation (Figure 5a) , however, negativity does not rule out myeloblasts. NSE is still used as one of the identifiers for monocytic differentiation. The stain that still has a definite role is the Perl's stain not only to evaluate www.intechopen.com iron stores, but also for identification of ringed sideroblasts (Figure 5b ) (Mufti GJ et al, 2008) . These stains are adjunct to morphology and useful for defining the subtypes of AML-NOS. There is a need for these stains in places where access to flow cytometry is difficult and rational decisions may still be taken through diligent practices (Scott C.S et al, 1993) . 
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Flow cytometry
Flow cytometry in hematological malignancies is based on the principle that neoplastic cells frequently show nonrandom expression of antigens in a manner that deviates from the tightly regulated patterns of antigen expression seen in normal maturation (Wood BL, 2007) . Flow cytometric immunophenotyping (FCI) plays a well-established role in the diagnosis of acute leukemia, including AML, principally for blast enumeration, lineage assignment, and identification of immunophenotypic abnormalities suitable for post-therapeutic disease monitoring (Casasnovas RO et al, 1998; Orfao A et al, 2004; Peters JM & Ansari MQ, 2011; Weir EG & Borowitz MJ, 2001; Wood BL, 2007) . It is mandatory to perform FCI to diagnose AML-M0, AML-M6, AML-M7, and acute leukemias of ambiguous lineage that include acute undifferentiated leukemia and mixed phenotypic leukemia. A three-or 4-color flow cytometer is good enough for routine diagnostic work-up, although there are some centers using 9-to 10-color flow cytometers (Kussick SJ & Wood BL, 2003; Wood BL, 2006) . Various panels have been recommended according to the type of flow cytometer, regional requirements, available resources, and personal preferences (Bene MC et al, 1995; Gujral S et al, 2008; Nguyen D et al, 2003) . There is no universal consensus on the panel design. Each has its merits and limitations, undoubtedly the panels with more number of antibodies yields better results. Either bone marrow aspirate or peripheral blood containing good number of blasts can be processed for lineage typing. However, bone marrow aspirate is recommended for subtyping. In special situations, when the aspirate is a dry tap, BM core scraping suspensions can be utilized for FCI. However, because of lack of preservation of architectural features and the potential for artifactual alterations of the relative frequency of abnormal cells, the FCI data must always be correlated with histologic sections of the BM biopsy.
Recognizing a Hematopoietic Origin: The blasts express CD45, albeit have a weak expression as compared to lymphocytes, thu s f a v o r i n g a n i m m a t u r e p r o c e s s a n d t h e differential diagnosis includes lymphoblasts, or myeloblasts. It is important to note that (Nguyen D et al, 2003) . This feature is of vital importance. Markers of Immaturity: CD34 is the most commonly used marker to identify a precursor stage (Table 1) . CD117 demonstrates a similar expression pattern and is more sensitive than CD34 in AML (Rizzatti EG et al, 2002) . Flow cytometry should not be taken as an alternative to morphology for blast enumeration as blast is a morphological definition. The percentages of CD34 positive population equivalent to blasts can vary; may be falsely decreased due to hemodilution or falsely increased due to loss of erythroid precursors (the denominator for morphologic counts includes nucleated erythroid cells). CD117 strongly favors a myeloid blast lineage because it is not seen in B-ALL and is reported only very rarely in T-ALLs (<2%) (Paietta E et al, 2005) . TdT is expressed in 20% of AML cases, especially those with t(8;21) (Porwit-MacDonald A et al, 1996; Wood BL, 2007) . CD133 and CD38 are useful markers whenever CD34 and CD117 are non-contributory. 
Lineage
HLA-DR in AML:
HLA-DR is expressed in most AML and is characteristically negative in APL and AML-M6 and up to half of AML-M7. HLA-DR negativity once thought to be characteristically associated with APL has now been found to be present in a subset of AML with cup-shaped nuclei and FLT-3 gene internal tandem duplication (Bain BJ et al, 2002; Craig FE & Foon KA, 2008; Kussick SJ et al, 2004; Nguyen D et al, 2003) . Myeloid lineage Antigens: Myeloblasts are well recognized for demonstrating marked immunophenotypic heterogeneity. Thus, multiple lineage-specific antibodies may be necessary to confirm the AML classification. CD13 and CD33 are the most sensitive myeloid markers. The assigning of myeloid lineage relies on identifying the expression of antigens characteristic of early myelomonocytic differentiation, including CD13, CD15, CD33, CD64, CD117, and cytoplasmic myeloperoxidase (Bain BJ et al, 2002; Chang CC et al, 2000; Cohen PL et al 1998; Craig FE & Foon KA, 2008; Wood BL, 2007) . CD64 is expressed in AML subtypes M0 to M5 in varying intensities: strong expression characterizes AML M5, whereas heterogeneous, dim, or moderate expression is seen in M0 through M4 subtypes. However, the pattern of any CD64 expression when associated with strong CD15 expression distinguishes AML-M4 or M5, from other AML subtypes (Dunphy CH & Tang W, 2007 
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CD15 and CD36, and high HLA-DR without significant CD34, minimal CD117, and, importantly, with low to absent CD14 (Wood BL, 2007) . These are distinguished from more mature monocytes by more uniform high expression of HLA-DR, lower CD13 and CD36, higher CD15, and low to absent CD14. This demarcation is important when one objectively needs to differentiate AML-M5 from CMML. The current WHO 2008 recommendation is the expression of myeloperoxidase for assigning the cells as myeloblasts and presence of at least two of the following parameters to assign as monoblasts -NSE, CD11c, CD14, CD64, and lysozyme (Swerdlow SH et al, 2008) . Erythroid lineage is identified by the expression of Glycophorin A, CD71, CD36 with CD117 in absence of CD64. Megakaryocytic lineage is characterized by the expression of CD41 and CD61 (Bain BJ et al, 2002; Craig FE & Foon KA, 2008; Wood BL, 2007) . Lymphoid Antigens in AML: Aberrant expression of lymphoid antigens, such as CD2, CD5, CD7, CD19, and CD56, is common and generally does not indicate bilineal or mixed lineage differentiation (Auger MJ et al, 1992; Baer MR et al, 1997; Khalidi HS et al, 1998; Kita K et al,1992; Wood BL, 2007) . The presence of cytoplasmic or surface CD3 is essential to designate blasts as that of T-lineage. For categorizing B-lineage blasts, when these cells express strong CD19 with one of the following-CD79a, cytoplasmic CD22 or CD10 and when the CD19 is weak, then these should express two of the above antibodies.
Immunoprofiles in AMLs AML, Not otherwise specified:
The characteristic immunoprofile of various entities (AML-M0 to AML-M7) is described above. In acute basophilic leukemia, the blasts usually express CD13 and/or CD33 with CD123, CD203c, CD11b, CD9, CD34, and HLA-DR. These are usually negative for CD117 and CD25 (Swerdlow SH et al, 2008) .
AML with recurrent genetic abnormalities:
There is a strong correlation of certain immunophenotypes in AML with specific cytogenetic and molecular abnormalities (Hrusak O & Porwit-MacDonald A, 2002; Wood BL, 2007) . AML with t(8;21) has a high incidence of aberrant expression of CD19, high CD34, CD56, and TdT ( Figure 6 ) (Porwit-MacDonald A et al, 1996; Wood BL, 2007) . t(15;17) AML demonstrates an immunophenotype typical of promyelocytes, including a variable increase in side scatter, lack of significant CD34, expression of variable CD13 and CD117, aberrantly high CD33, and aberrantly low to absent CD15 (Orfao A et al, 1999; Wood BL, 2007) . AML with inv (16) or t(16;16) generally displays myelomonocytic differentiation and sometimes is associated with CD2 expression (Adriaansen HJ et al, 1993) .
AML with myelodysplasia-related changes:
The immunophenotyping results vary according to the cytogenetic abnormality. Those with abnormalities of chromosomes 5 and 7 show a high incidence of CD34, TdT and CD7 expression. CD56 and / or CD7 are seen aberrantly in cases of antecedent MDS. Most noticeable is a decrease in side scatter on mature neutrophils, the flow cytometric equivalent of morphologic hypogranularity (Wells DA et al, 2003; Wood BL, 2007) . However, one has to keep in mind that aged samples also give rise to hypogranularity (Wood BL, 2007) . Myeloid leukemia associated with Down's syndrome: The blasts usually are of megakaryocytic lineage with a phenotype showing positivity for CD117, CD13, CD33, CD7, CD4 (dim), CD42, CD36, CD41, CD61, CD71 and negative for MPO, CD15, CD14 and glycophorin A (Swerdlow SH et al, 2008; Xavier AC & Taub JW, 2009) . CD34 is seen in 50% cases only. . Flow cytometry on the peripheral blood showed blasts (painted red) in the blast region in the CD45 /side scatter plot. These cells are CD45 dim and express CD13, CD117, CD33, CD19, CD38, CD34, and HLA-DR. These were negative for CD10, CD2, CD5, CD14 and CD7. Normal lymphocytes are painted green.
Blastic plasmacytoid dendritic cell neoplasm:
Earlier known as agranular CD4+/CD56+ hematodermic neoplasm or blastic NK cell lymphoma, is characterized by the expression of CD4, CD43, CD56 and CD45RA by the blasts (Miwa H et al, 1998) . These express CD123 and may sometimes express CD68, CD7, and CD33. These are negative for CD34, CD117, MPO, T-lineage and other monocytic lineage markers.
Acute leukemia of ambiguous lineage
This group includes the acute undifferentiated leukemia (AUL) and mixed phenotypic leukemias (MPAL) (Swerdlow SH et al, 2008) . AUL is characterized by the absence of Tand myeloid lineage specific markers, i.e. cytoplasmic CD3 and MPO as well as cCD22, cCD79a or strong CD19. These leukemias lack erythroid, megakaryocytic and plasmacytoid dendritic cell lineage markers. These cells may express CD34, HLA-DR, and /or TdT. MPAL can show combinations of myeloid with B-or T-lineage specific antigens. Sometimes these are associated with specific chromosomal abnormalities as MPAL with t(9;22)(q34;q11.2); BCR-ABL1 and MPAL with t(v;11q23); MLL rearranged, where these blasts are commonly categorized as B-lymphoblasts with a high frequency of myeloid lineage antigen expression. 
Immunohistochemistry (IHC)
Although various studies have shown that FCI is the preferred method of immunophenotyping acute leukemias, certain situations where FCI is unavailable, immunohistochemistry (IHC) is an alternate or sometimes adjunct to flow cytometry. In situations where an appropriate specimen with adequate cellularity is not available, as in a ''dry tap'', the diagnostic cells are low in yield, FCI is usually less informative. FCI may not be routinely requested if leukemia is not an initial diagnostic consideration, especially in extramedullary or extranodal site biopsies. Similarly, fresh cells may not be consistently submitted for consultation cases, and the technology may not be immediately accessible in community settings (Olsen RJ, 2008) . The main objective of IHC is to confirm a hematologic malignancy, differentiating ALs from high grade NHLs, round cell tumors and other nonhematologic malignancies. These help categorize ALs into B-ALL, T-ALL and AML. To an extent these can also subtype AMLs (Dunphy CH, 2004) . Comparison of IHC results with FCI suggests that there is significant concordance in the results for markers that can be used with both techniques, indicating that the sensitivity and specificity of both methods is comparable (Manaloor EJ, 2000) . IHC is useful in confirming the blast lineage and in categorizing the following AML groups -AML-NOS, which is subdivided based on the traditional FAB classification, myeloid sarcoma and BDPC neoplasm. AML may not be definitively classified with IHC. However, differentiation toward myeloid, monocytic, erythroid or megakaryocytic lineages can be demonstrated with appropriate staining panels. Certain staining characteristics may guide genetic testing such as fluorescence in situ hybridization studies on the paraffin-embedded tissue according to the type of blasts present (Olsen RJ, 2008) . The commonly available antibodies for AML include CD45 (LCA) (marker for hemopoietic origin), CD117, CD34, TdT, HLA-DR (markers of precursor stage), MPO (specific myeloid marker), CD68, lysozyme, CD163 (markers for monocytic lineage), CD41, CD61, factor VIII (FVIII) (markers for megakaryocytic lineage), hemoglobin A1, glycophorin A (markers for erythroid lineage), and CD15 (marker for myeloid maturation). . The fact that various antibodies have variable reactivity in FC and IHC has to be kept in mind while interpreting the results. Although most studies found a better detection of CD34 by flow, some did not find any difference. CD15 and CD117 are better detected by FC analysis and MPO is better detected by IHC www.intechopen.com analysis (Dunphy CH et al, 2001 ). Some of the antibodies as CD13 and CD33 are not available or not standardized well by IHC. LCA positivity recognizes a hemopoietic malignancy; however, it can be negative in AML-M6 and M7. CD34 (QBEND10) is less sensitive by IHC than by FC and is detected in only 50% of cases (Figure 7a ) (Manaloor EJ, 2000; Olsen RJ, 2008) . CD117 (c-Kit) is a much more sensitive marker of immaturity than CD34 and is also a marker for myeloid lineage (Rizzatti EG et al, 2002) . TdT is expressed in cases of AML with t(8;21). Myeloperoxidase is the most specific marker for assigning myeloid lineage ( Figure 7b) ; however, is negative in AML-M0 and blasts of monocytic, erythroid, and megakaryocytic lineages. Hemoglobin A1 and glycophorin A are positive in 90% to 100% of erythroid lineage cells, and FVIII is positive in 90% of megakaryocytic cells, but rare cases demonstrating inadequate lineage maturation (early megakaryoblasts) may be negative (Chuang SS & Li CY, 1997; Manaloor EJ, 2000 However, it is a challenge to interpret MPO negative AL cases. In such cases of AL, one has to first ensure that the B-and T-lymphoblastic lineages have been ruled out by a negative staining for CD79a, PAX-5, CD20, and CD3 (should detect CD3 epsilon chain and not zeta chain by a polyclonal antibody, which is non-specific) (Swerdlow SH et al, 2008) . Monocytic lineage can be established using the CD68 (both KP-1 and PG-M1 epitopes) and lysozyme. Possibilities of AML-M6 or AML-M7 should be ruled out; these may be more challenging as they may be LCA negative. If the blasts express CD117 and TdT without CD79a, PAX-5, CD79a, MPO, and CD3 possibility of AML-minimally differentiated may be suggested. In the LCA negative cases, work-up towards other possibilities should be done before making a diagnosis of AL. Ancillary techniques should be appropriately used before a final conclusion. The role of IHC in the diagnosis of AL of ambiguous lineage is questionable. The possibility of AUL can be suggested when the blasts fail to express the immunophenotypic features of either lymphoid or myeloid differentiation. It is important to consider non-hemopoietic malignancies. BDPC neoplasm is a diagnosis usually based on tissue biopsy, most often a skin lesion (Petrella T et al, 1999) . Morphologically suspected as leukemia cutis, the primary panel is usually inconclusive -weakly positive for LCA/CD45, variably and focally positive for CD68. The pattern may be confusing because of the absence of lineage-specific markers. The diagnosis should be suspected and a further panel should be done for a conclusive opinion. The cells are positive for CD4, CD43, CD56, and CD123 (plasmacytoid dendritic cell marker) and the expression of CD2 and CD7 is variable. This pattern may be seen in myeloid sarcoma (AML-M4 or M5). These entities are distinguished by the clinical presentation, and more importantly by CD13, and CD33 expression, which are readily available by FC. CD13 and CD33 are present in AMLs and are usually absent in BDPC ( Jacob MC et al, 2003) .
Cytogenetics
Conventional cytogenetic analysis is now an integral component of the diagnostic evaluation of a patient with suspected acute leukemia. This is done best at the time of diagnosis before initiating therapy. Chromosome abnormalities are detected in approximately 55% of adult AML (Döhner H et al, 2010; Grimwade D et al, 1998) . There are seven recurrent balanced translocations and inversions, and their variants recognized in the WHO category -AML with recurrent genetic abnormalities. Several cytogenetic abnormalities are considered sufficient to establish the WHO diagnosis of AML with myelodysplasia-related features, when 20% or more blood or marrow blasts are present. A minimum of 20 metaphase cells analyzed from bone marrow is considered mandatory to establish the diagnosis of a normal karyotype, and also to define an abnormal karyotype. Abnormal karyotypes may be diagnosed from blood specimens, or the biopsy core scrapings, when the marrow aspirate is scanty or insufficient. Leukemic blasts carrying AML-associated chromosome aberrations can constitute only a fraction of cells dividing in vitro. Moreover, a blood specimen can sometimes be cytogenetically normal when the marrow is abnormal. In the CALGB database, this was found in approximately 5% of AML patients whose marrow and blood specimens were studied simultaneously (Grimwade D et al, 1998; Mrózek K et al, 2001 Mrózek K et al, , 2007 . Acquired genetic alterations, both those detectable microscopically as structural and numerical chromosome aberrations, and those detected as submicroscopic gene mutations and changes in gene expression, are commonly seen in AML. At present, cytogenetic aberrations detected at the time of AML diagnosis constitute the most common basis for predicting clinical outcome (Byrd JC et al, 2002; Mrózek K &Bloomfield CD, 2006; Slovak M L et al, 2000) . Acquired clonal chromosome abnormalities are defined as a structural aberration or a trisomy observed in at least 2 and monosomy found in at least 3 metaphase cells. These are detected in the pretreatment marrow of 50% to 60% of adults with de novo AML. In 10% to 20% of patients, the abnormal karyotype is complex, defined as the presence of more than 3 abnormalities in karyotypes not including the abnormalities seen in the recurrent genetic abnormalities group, i.e. t(8;21), inv(16), t(16;16), t(15;17) or t(9;11) (Swerdlow SH et al, 2008) . In around 40% to 50% of patients no cytogenetic abnormality can be detected using standard banding methods (Byrd JC et al, 2002; Farag SS et al, 2006; Grimwade D et al, 1998; Mrózek K et al, 2001 Mrózek K et al, , 2007 Slovak M L et al, 2000) . The role of cytogenetics is of paramount importance in the diagnosis of AML with recurrent genetic abnormalities -those associated with balanced translocations and inversions, and AML with myelodysplasia-related changes.
AML with balanced translocations/ inversions
This group is composed of ALs with detection of balanced translocations between chromosomes and are usually associated with a specific prognosis. All large cytogenetic studies of AML have shown that patients with t(15;17)(q22;q12-21) have an excellent outcome and those with t(8;21)(q22;q22) or inv(16)(p13q22)/ t(16;16)(p13;q22) a relatively favorable prognosis. Those with inv(3)(q21q26)/ t(3;3)(q21;q26), -7 and a complex karyotype have an unfavourable outcome (Mrózek K &Bloomfield CD, 2006) .
Core-Binding Factor (CBF) AML
CBF-AML is a relatively frequent subtype of adult de novo AML, with t(8;21) being detected in 7% and inv(16)/t(16;16) in 8% of patients (Byrd JC et al, 2002; Marcucci G et al, 2005; Mrózek K & Bloomfield CD, 2006) . As in APL both these leukemias have a characteristic morphology based on which these cytogenetic abnormalities are predicted and specifically looked for. Both t(8;21) and inv(16) are related at the molecular level as they disrupt the and subunits of CBF, respectively. AML with t(8;21)(q22;q22); RUNX1-RUNX1T1: This abnormality detected in 20% adult and 40% children de novo AML cases is associated usually with FAB AML-M2, rarely with other subtypes (Figure 8) . Over 70% are associated with secondary chromosome aberrations -as loss of a sex chromosome (-Y in men and -X in women) and del(9q) with loss of 9q22 being the most frequent. Despite good prognosis relapse is a major problem, especially in first 2 years of remission (Marcucci G et al, 2005; Mrózek K & Bloomfield CD, 2006; Schlenk RF et al, 2004 (Marcucci G et al, 2005; Mrózek K & Bloomfield CD, 2006; Schlenk RF et al, 2004) .
AML associated with RARA translocation including variant translocations
APL constitutes 5-8% of AML (Swerdlow SH et al, 2008) . In 1977 Rowley and colleagues identified the t(15;17) balanced reciprocal chromosomal translocation as the karyotypic hallmark of the disease (Rowley J et al, 1997 as cited in Sirulnik A et al, 2003) . In the early 1990s it was discovered that in classical APL this reciprocal translocation involves a fusion between the RARA gene on chromosome 17 and a previously unknown locus named promyelocytic leukemia (PML) on chromosome 15 (Kakizuka A et al, 1991 as cited in Sirulnik A et al, 2003) . Other additional chromosomal abnormalities can be found in 30 to 40% of patients with APL in addition to t(15;17). The most common of these are trisomy 8 and isochromosome 17. Additional chromosomal abnormalities do not have a negative effect on the overall prognosis (Johannson B et al, 1994; Schoch C et al. 1996; Slack JL, 1997 (Goyal M et al, 2010; Grimwade DF et al, 1997) . AML with Variant RARA translocations: The current WHO categorizes morphologically diagnosed cases of APL into those associated with t(15;17)(q22;q21)/ PML-RARA rearrangement, and those lacking PML/RARA rearrangements based on the cytogenetic and molecular studies (Swerdlow SH et al, 2008) . The latter group is separately categorized as variant RARA translocations due to refractory / variable response to ATRA. Instead of PML the partner genes in this group could be ZBTB16/ PLZF at 11q23, NUMA1 at 11q13, NPM1 at 5q35 and STAT5B at17q11.2.
AML with t(9;11)(p22;q23); MLLT3-MLL and variant MLL translocations in AL
The MLL gene on chromosome 11 band q23 is frequently involved in chromosome translocations in acute lymphoblastic leukemia and acute myeloid leukemia. The MLL gene located at 11q23 has been described as a 'promiscuous' gene due its involvement with a large number of genetic partners . More than 80 different partner chromosome regions have been described till date. The translocation results in the formation of a fusion gene on the derivative 11 chromosome consisting of the 5' part of the MLL gene and the 3' part of another gene. MLL gene rearrangements generally correlate with a poor prognosis; however AML with t(9;11)(p22;q23) is associated with intermediate prognosis.
Therefore, the presence of 11q23 aberration has direct implications for treatment stratification, making early and rapid detection of utmost importance (van der Burg et al, 1999) . AML with t(9;11) are associated with acute monocytic and myelomonocytic leukemias (Baer MR et al, 1998; Sorensen PHB et al, 1994; Swansbury GJ et al, 1998) . This entity involves MLLT3 (AF9), which is the most common MLL translocation in AML. Secondary chromosomal abnormalities as +8 are commonly seen, however, these do not affect the prognosis. AML with variant MLL translocations: Various other partner chromosomes are known to be associated with the MLL gene . 19p13.1 is involved almost only with AML, others can be seen both in ALL and AML, and all have been categorized in variant MLL translocations in acute leukemia. The WHO 2001 encompassed all MLL related translocations into the category of AML with 11q abnormalities. However, the WHO 2008 now separates AML with t(9;11) from other MLL related translocations, which are placed in the category variant MLL translocations in acute leukemia. It is imperative to mention the specific abnormality associated with MLL to place in the latter category. Cases of AML with specific MLL translocations as t(11;16)(q23;p13.3) and t(2;11)(p21;q23) if not associated with cytotoxic chemotherapy should be considered as AML with myelodysplasia-related changes and not variant translocation of 11q23 (Swerdlow SH et al, 2008) .
AML with t(6;9)(p23;q34); DEK-NUP214
Morphologically these are AML with or without monocytic features, usually associated with basophilia and multilineage dysplasia. The t(6;9)(p23;q34) results in fusion of DEK on www.intechopen.com chromosome 6 with NUP214 on chromosome 9. Usually it is an isolated abnormality. Very occasional reports of complex karyotype are known ( Chi Y et al, 2008; Slovak ML et al, 2006) . These are frequently associated with FLT3-ITD mutations and a poor prognosis.
AML with inv(3)(q21q26.2) or t(3;3)(q21q26.2); RPN1-EVI1
These are morphologically AML with multilineage dysplasia and characterized by the translocation involving EVI1 or MDS-1EVI1 located at 3q26.2 and RPN1 at 3q21 respectively. Other abnormalities involving the 3q26.2, seen in therapy related AML are not included in this category. This group is frequently associated with secondary karyotypic abnormalities -monosomy 7, 5q deletions, and complex karyotypes. AML with inv(3)(q21q26.2) or t(3;3)(q21q26.2) is an aggressive disease with a short survival (Lugthart S et al, 2008) .
Karyotypic abnormalities AML with myelodysplasia related changes
Therapy related AML (t-AML) Complex karyotype
Complex karyotype Unbalanced abnormalities -7 /del(7q); -5/ del(5q); i(17q)/ t(17p);-13/ del(13q); del(11q); del(12p)/t(12p); del(9q); idic (X)(q13) -7 /del(7q); -5/ del(5q); del(13q); del (20q); del(11q); del(3p); -17; -18; -21; +8 Balanced abnormalities t(11;16)(q23:p13.3); t(3;21)(q26.2;q22.1); t(1;3)(p36.3;q21.1); t(2;11)(p21;q23); t(5;12)(q33;p12); t(5;7)(q33;q11.2); t(5;17)(q33;p13); t(5:10)(q33;q21); t(3;5)(q25;q34) t(11;16)(q23:p13.3); t(3;21)(q26.2;q22.1); t(2;11)(p21;q23); t(9;11)(p22;q23); t(11;19)(q23;p13); t(8;21)(q22;q22); t(15;17); t(3;21)(q26.2;q22.1)); inv(16)(p13q22) Table 2 . Types of cytogenetic abnormalities defining AML with myelodysplasia related changes and Therapy related AML (t-AML) Fig. 9 . Case of a t-AML, post treatment for carcinoma breast showing a complex karyotype: 44,XX,del(5q),del(7q),der(9)add(9p),der(15)add(15p),-16,-20
AML with t(1;22)(p13;q13); RBM15-MKL1
These are morphologically acute megakaryoblastic leukemia associated with a very poor prognosis. Usually t(1;22)(p13;q13) is the sole abnormality. However, cytogenetics may not always be successful to depict this abnormality due to poor bone marrow aspirate yield and one may need to resort to molecular analysis as well. When a morphological diagnosis of AML-M7 is suspected, this chromosomal/ molecular abnormality should be looked for (Swerdlow SH et al, 2008) .
AML with myelodysplasia related changes and therapy related AML
The chromosomal abnormalities are similar to those found in MDS and often involve gain or loss of major segments of certain chromosomes with complex chromosomal abnormalities. Various balanced and unbalanced abnormalities are known to occur (Table 2) . Some abnormalities as t(11;16)(q23;p13.3) and t(3;21)(q26.2;q22.1) seen in AML with myelodysplasia-related changes, also occur commonly in t-AML and clinical details should be evaluated to differentiate between the two (Secker-Walker LM et al, 1998). Trisomy 8, del 20q and loss of Y are common in MDS, however, are not considered disease-specific. Hence, their isolated presence is not sufficient to consider a case as AML with myelodysplasiarelated changes. Cases of AML with myelodysplastic changes in bone marrow may show t(6;9)(p23;q34), inv(3)(q21q26.2) or t(3;3)(q21q26.2) on a karyotype and should be categorized as such and not in AML with myelodysplasia-related changes. In t-AML unbalanced chromosomal aberrations are seen in 70% cases (Figure 9 ). These are associated with longer latent period, myelodysplastic changes and alkylating agent and/ or radiation therapy. Balanced translocations seen in 20-30% are associated with shorter latency, absence of myelodysplasia and prior therapy with topoisomerase inhibitors. The prognosis for t-AML is dependent on the karyotype -is generally poor, except in cases associated with balanced translocations as t(15;17) and inv(16)(p13q22), which is also poorer as compared to de novo cases (Swerdlow SH et al, 2008) .
AML-not otherwise specified
There are no specific chromosomal abnormalities associated with different subtypes. However, higher frequency of few abnormalities is seen in certain subtypes. Cuneo A et al, 1995 compared cases of AML-M0 and AML-M1 and showed that abnormal karyotypes, complex karyotypes, unbalanced chromosome changes (-5/5q-and/or -7/7q-and +l3) were more frequent in AML-M0 than in AML-M1. However, many cases were regrouped in the AML with myelodysplasia-related changes. Trisomy 8 may be seen in acute myelomonocytic leukemia and t(8;16)(p11.2;p13.3) may be seen in acute monocytic or myelomonocytic leukemia. Cases of AML-M7 associated with mediastinal germ cell tumors have shown several cytogenetic abnormalities of which i(12p) is the most characteristic. There are no specific abnormalities documented in other subtypes.
Down's syndrome related AML
In addition to trisomy 21, trisomy 8 is a common cytogenetic abnormality seen in DS-AML (13-44%). More importantly the focus should be on detecting GATA1 mutations, which are commonly seen in children below 5 years (Swerdlow SH et al, 2008; Xavier AC & Taub JW, 2009 ).
Blastic Plasmacytoid Dendritic Cell neoplasm
Chromosomal abnormalities are found in two-thirds of BPDC patients, although a specific karyotype is lacking. Complex karyotypes are common and six major recurrent chromosomal abnormalities are found: 5q21 or 5q34, 12p13, 13q13-21, 6q23-qter, 15q and -9.
Cytogenetically normal AML (CN-AML)
The proportion of adults with de novo CN-AML has varied between 40% and 49% in the largest cytogenetic studies (Byrd JC et al, 2002; Grimwade D et al, 2001; Mrózek K et al, 2007; Slovak ML et al, 2000) . A patient is defined karyotypically normal when full analysis of at least 20 metaphase cells originating from a marrow sample cultured in vitro for 24 to 48 hours is performed (Mrózek K et al, 2007) . There are patients who, despite having a normal karyotype on standard cytogenetic investigation, carry 1 of the fusion genes identical to those generated by recurrent translocations (eg, 17) , RUNX1-RUNX1T1 (AML1-ETO)/ t(8;21)) or inversions (CBFB-MYH11/inv(16)) and categorized in AML with recurrent genetic abnormalities. In most instances, these fusion genes are created by cryptic insertions of very small chromosome segments that do not alter the chromosome morphology (Grimwade D et al, 2000; Mrózek K et al, 2007; Rowe D et al, 2000) . Both RT-PCR and FISH can be used to detect the presence of the aforementioned hidden rearrangements. Such testing is definitely warranted in CN-AML patients with FAB M2, M3, M3v, and M4Eo marrow morphology but is otherwise not routinely recommended outside of a clinical trial (Mrózek K et al, 2007 ; National Comprehensive Cancer Network (NCCN), 2006).
Prognosis associated with chromosomal abnormalities
The risk stratification with regards to cytogenetics is based on studies performed on patients below 60 years of age (Byrd JC et al, 2002; Grimwade D et al, 1998; Mrózek K & Bloomfield CD, 2006; Slovak ML et al, 2000) . The favourable risk group have only balanced translocations -include t(15;17)(q22;q12-21), t(8;21)(q22;q22) and with inv (16) (Grimwade D et al, 2001) . A CALGB study confirmed that older AML patients with a complex karyotype with 5 or more aberrations have particularly poor disease free survival (DFS) and overall survival (OS), with no patient surviving 5 years after diagnosis (Farag SS et al, 2006) .
Fluorescent-In-Situ Hybridisation (FISH)
FISH is an improvisation of cytogenetic technique used to detect and localize the presence or absence of specific DNA sequences on chromosomes. Karyotype analysis has an advantage that the entire genome can be analyzed however, is applicable to actively dividing cells, and the resolution is limited to chromosomal rearrangements that are >3Mb in size. In addition technical aspects of sample collection, storage, transport, and culture may lead to suboptimal results. Poorly spread or contracted metaphases, low mitotic index and highly complex cytogenetic abnormalities may also lead to faulty results. This technique is labourintensive and time-consuming. FISH is capable of detecting aberrations of sizes between 10kb to 5Mb. These are accurate, rapid, however, targeted analysis of the genomes. FISH provides increased resolution, thus elucidating submicroscopic deletions, cryptic or subtle duplications and translocations, complex rearrangements, involving many chromosomes and marker chromosomes. Interphase FISH has advantages of screening more number of cells, and also that both proliferating and not proliferating cells can be analyzed. The test can be performed on fixed bone marrow suspensions, paraffin-embedded tissue sections, bone marrow or blood smears, and touch preparations of cells from tissues. The test can be reliably used for routine diagnostic screening and whenever the patient's material is not sufficient or suitable for cytogenetic/RT-PCR analysis.
Role of FISH in AML:
The main applications in AML are detection of recurrent cytogenetic abnormalities, whenever the cytogenetic analysis fails or in a CN-AML case, where morphology is suggestive of AML with recurring cytogenetic abnormalities. Dual color dual-fusion probes specific for the abnormality are used when a reciprocal translocations are suspected, e.g. t(8;21), t(15;17), etc (Figure 10) . The presence of a translocation is et al, 1999) . However, for detecting specific abnormality, dual color dual-fusion specific probes are used to detect the balanced translocations. In cases of AML with myelodysplasia associated changes, where numerical aberrations are more common CEPs are used to detect +8, -5, -7, etc.
PML nuclear bodies immunofluorescence test
An immunofluorescence based test is developed for rapid diagnosis of APL, using antibodies directed against the amino terminal portion of the human PML gene product, PG-M3 monoclonal antibody (Falini B et al, 1997) . The wild type PML produces a characteristic nuclear speckled pattern that is due to localization of the protein into discrete dots (5 to 20 per nucleus), named PML nuclear bodies. The architecture of PML nuclear bodies appears to be disrupted in APL cells that bear the t(15; 17), thus resulting in abnormal (micropunctate) pattern of the PML/RARA fusion protein (usually ≥50 small granules/per nucleus). These are characteristically seen in APL with PML/RARA translocation and not in PLZF/RARA APL and other AMLs. Immunocytochemical labeling with PG-M3 represents a rapid, sensitive, and highly-specific test for the diagnosis of APL that bears the t(15; 17) and allows an easy and correct diagnosis of this subtype of acute leukemia to any laboratory provided with a minimal equipment for immunocytochemistry work.
Polymerase chain reaction
Nucleic acid amplification studies have become an integral part of diagnostic and prognostic work-up in the field of hematology. These include detection of DNA or the RNA by a process known as polymerase chain reaction (PCR). A marrow or peripheral blood specimen is routinely taken for molecular diagnostics. Ideally, DNA and RNA should be extracted and viable cells stored; if sample quantity is limited, RNA extraction should be a priority, because RNA is suitable for molecular screening for fusion genes and leukemiaassociated mutations.
PCR in the diagnosis of recurrent genetic abnormalities Molecular diagnosis by RT-PCR for the recurring gene fusions, such as RUNX1-RUNX1T1, CBFB-MYH11, MLLT3-MLL, DEK-NUP214
, can be useful in certain circumstances. RT-PCR is an option to detect these rearrangements, if chromosome morphology is of poor quality, or if there is typical marrow morphology but the suspected cytogenetic abnormality is not present and for a rapid diagnosis (Mrózek K et al, 2001 ). The standardized protocols are published by the BIOMED-1 group (van Dongen JJM et al, 1999) . Acute Promyelocytic Leukemia with PML/RARA translocation: Five different chromosomal translocation partners have been identified in patients with APL, and all involve the RARA gene on chromosome 17q21 fused to one of the partners, PML on chromosome 15q22 being the most common. This results in fusion PML/RARA, mRNA transcription and a chimeric protein.
RT-PCR amplification of the PML/RARA fusion transcript is now widely used for both diagnostic and monitoring studies (Sirulnik A et al, 2003) . The exact type of breakpoint on the PML gene can be determined. RT-PCR allows the detection of minimal residual disease at high sensitivity levels. Some pitfalls include poor RNA yield and stability, as well as the low expression of the hybrid PML/RARA gene. The chromosome 17 breakpoints are localized within a 15 kb DNA fragment of the RARA intron 2. The PML gene spans 35 kb of genomic DNA and contains nine exons (Chen Z & Chen SJ, 1992; Sirulnik A et al, 2003) . Three regions of the PML locus are involved in the translocation breakpoints: intron 6 (bcr1; 55% of cases), exon 6 (bcr2; 5%), and intron 3 (bcr3; 40%). Bcr1 and bcr2 are considered as long (L) forms and bcr3 is considered as short (S) form ( Figure  11 ). Because bcr2 (also referred to as 'variant' or V form) and bcr1 are located in PML exon 6 and intron 6, respectively, sequencing of all L transcript cases would be needed to clearly distinguish these two isoforms. There is no difference in the clinical features of various isoforms (Lo-Coco F et al, 1999 , 2003 van Dongen JJM et al, 1999) . Recognition of the infrequent PLZF/RARA subtype is clinically relevant in the light of its presumed unresponsiveness to ATRA and other agents such as arsenic trioxide (Lo-Coco F et al, 2003) . Acute myeloid leukemia with RUNX1-RUNX1T1 or AML-ETO: The t(8;21) fuses the RUNX1 or AML1 or CBFA2 gene on chromosome 21 to the RUNX1T1 or ETO gene on chromosome 8. RUNX1-RUNX1T1/ AML1-ETO fusion transcripts are found by RT-PCR in virtually all cases of t(8;21)-positive AML, including those with complex translocations and also in a significant proportion of t(8;21)-negative AML (van Dongen JJM et al, 1999) . Transcripts of this fusion gene can be specifically and sensitively detected by RT-PCR. They generate predominant PCR products of a constant size, corresponding to an in-frame fusion of AML1 exon 5 to ETO exon 2 ( Downing JR et al, 1993; Liu Yin JA, 2002) . Acute myeloid leukemia with CBFB-MYH11: This translocation involves fusion of CBFB gene located on16q22 with MYH11 gene located on 16p13. There is marked heterogeneity in the fusion transcripts, arising from variable genomic breakpoints in both CBFB and MYH11 genes and alternative splicing. Ten different CBFB-MYH11 fusion transcripts have been reported and have been designated as types A to J (Liu Yin JA, 2002; van Dongen JJM et al, 1999) . More than 85% of the positive patients have type A transcript; two other transcripts (D and E) represent nearly 5% each, whereas all others represent unique cases (Liu PP et al, 1995; Liu Yin JA, 2002) . Other cytogenetic abnormalities: There are primers directed to diagnose other recurring genetic abnormalities, especially those involving MLL gene, the partners being MLLT3 /AF9, AF6, AF10, ENL, etc. In addition PCR can be used to diagnose DEK-CAN related to t(6;9)(q23;q34), EVI-1 associated with inv 3(q21;q26)/ t(3;3) (q21;q26), AML1-EVI-1, t(3;21)(q26;q22) and rarely the BCR-ABL1, i.e. t(9;22)(q24;q11) (Swerdlow SH et al, 2008; Vardiman JW et al, 2009) . Although BCR-ABL1-positive AML has been reported, criteria for its distinction from CML initially manifesting in a blast phase are not entirely convincing, and for this reason, BCR-ABL1-positive AML is not recognized in this classification. Many cases of BCR-ABL1-related AL will meet the criteria for ALL or MPAL, provided that a blast phase of a previously unrecognized CML can be excluded (Vardiman JW et al, 2009 ). GATA 1 mutations are detected in children less than 5 years in cases of AML associated with Down's syndrome. (Swerdlow SH et al, 2008; Xavier AC & Taub JW, 2009) 
Cytogenetically Normal AML
According to the various cytogenetic classifications mentioned above around 50% to 70% of AML patients are considered to be a part of an intermediate-risk group. Most of these patients have a normal karyotype (40-50% of all AML patients), but the heterogeneity is most pronounced in this group (Schlenk RF et al, 2008) . Somatically acquired mutations have been identified in several genes, the notable ones are the NPM 1, CEBPA, and FLT3, which have been proven to have prognostic implications. AML with mutations in NPM1 or CEBPA have been incorporated in the WHO classification as provisional entities. The FLT3 internal tandem duplication (ITD) mutation was detected and found to be the most common gene mutation in AML. Subsequent research shows that mutations of the NPM1 gene can occur in up to 60% of patients with AML and are most common in patients with a normal karyotype. The European Leukemia Net panel recommends that mutations of NPM1, CEBPA and FLT3 be analyzed at least in patients with CN-AML who will receive treatment other than low-dose chemotherapy or best supportive care (Döhner H et al, 2010; Döhner K & Döhner H, 2008) . There are few more as MLL, BAALC, WT1, etc which have also an impact on the prognosis. Mutations of the nucleophosmin, member 1 (NPM1) gene: Mutations of NPM1 gene, which codes for a nuclear/cytoplasmic shuttling protein, are found in 50-60% of CN-AML cases (Schiffer CA, 2008) . Heterozygous mutations in exon 12 of the NPM1 gene, results in abnormal cytoplasmic expression of its protein product, nucleophosmin. The presence of NPM1 mutations has been associated with pretreatment features as female sex, increased bone marrow blast percentages, LDH levels, WBC and platelet counts, and low or absent CD34 expression. In many studies, the presence of NPM1 mutation in CN-AML has been associated with good prognosis. 40% of patients with NPM1 mutations also harbor FLT3-ITDs (Döhner K et al, 2005; Falini B et al, 2006; Schnittger S et al, 2005; Thiede C et al, 2006) . Mutations of the CCAAT/enhancer-binding protein alpha (CEBPA) gene: CEBPA protein is critical for normal hematopoietic differentiation and loss of activity either by mutation or epigenetic silencing can result in a block in normal differentiation. The incidence varies between 7% and 20% in various studies (Schiffer CA, 2008) . Those with CEBPA mutations present with higher percentages of peripheral blood blasts, lower platelet counts, less lymphadenopathy and extramedullary involvement, and are less likely to also carry FLT3-ITD, FLT3-TKD and MLL-PTD. CEBPA mutations confer favorable prognosis. CEBPA mutations are best studied by DNA sequencing, and hence are not available on a routine basis. FLT 3 mutations: FLT3 is a transmembrane tyrosine kinase receptor with important roles in hematopoietic stem/progenitor cell survival and proliferation. FLT3 is the most frequently mutated gene in AML. Different mutations of the gene exist. Most common are the internal tandem duplications (ITDs) in the juxta membrane domain (JMD) and found in 23% of AML patients ( Figure 12 ). FLT3-ITD can be detected in all subtypes of AML but contradictory results have been published concerning its relationship with FAB type (Bacher U et al, 2008; Boissel N et al, 2006; Cairoli R et al, 2006; Frohling S et al, 2002; Gale RE et al, 2008; Kottaridis PD et al, 2001; Schnittger S et al, 2002) . Its incidence is associated with hyperleukocytosis and age (Cairoli R et al, 2006) . The frequency is higher in elderly patients and lower in children. FLT3 is highly expressed in infant MLL gene re-arranged ALL and offers an interesting target for this high-risk group of patients (Döhner H et al, 2010) . In addition to FTL3-ITD, point mutations in the FLT3 gene involving aspartic acid 835 of the kinase domain (KD), may also lead to constitutive activation of the receptor. FLT3-KD point mutations in other sites are found less frequently. FLT3-KD point mutations are seen in 8-12% of AML patients. Both types of mutation constitutively activate FLT3. Many studies in AML have shown that the presence of ITD mutations portends a poor prognosis. Thiede et al showed that the outcome of AML patients is dependent on the ratio of mutant and wildtype FLT3 (Thiede C et al, 2002) . In most studies the KD point mutants do not seem to have the same unfavorable prognostic effect. FLT3 mutations can also be detected in other types of AML including those with t (6;9) and APL (Schiffer CA. 2008 The levels of WT1 were found to be 10 2 -10 3 times higher in AML than in normal bone marrow, where it is either undetectable or expressed at very low levels. WT1 is over-expressed in approximately 90% of AML patients, except in FAB AML-M5, where its expression is lower ( Gaidzik VI et al, 2009; Inoue K et al, 1994; King-Underwood L et al, 1996; Liu Yin JA, 2002; Paschka P et al, 2008) . Many studies show that levels of WT1 transcript are prognostically valuable and can predict early relapse in AML.
Miscellaneous
Partial tandem duplication (PTD) of the MLL (mixed lineage leukemia) gene was the first molecular alteration shown to impact on clinical outcome of CN-AML patients. It is detected in approximately 5% to 10% of these patients. Patients with MLL-PTD have a poorer prognosis than patients without the MLL-PTD (Mrózek K, & Bloomfield CD, 2006) . Overexpression of the BAALC gene in PB at diagnosis was detected in adults under the age of 60 years. These are associated with lower WBC, less frequent diagnosis of FAB M5 AML and an unfavourable prognosis (Mrózek K, & Bloomfield CD, 2006) . ERG overexpression is a recently identified molecular marker predicting adverse outcome (Mrózek K, & Bloomfield CD, 2006) . Mutations of the C-KIT proto-oncogene, a tyrosine kinase receptor, result in a constitutive proliferative signal, have been described in patients with CBF-AML, with data suggesting a poorer outcome in patients with this additional mutation ( Mrózek K, & Bloomfield CD, 2006; Schiffer CA, 2008) .
Electron microscopy
The role of electron microscopy has diminished ever since the introduction of flow cytometry in the diagnostic work-up. Currently the WHO recognizes its role in the diagnosis of acute basophilic leukemia, which is characterized by the presence of granules containing structures characteristic of basophil precursors. These structures are electron dense particulate substance, are internally bisected, or contain crystalline material arranged in pattern of scrolls or lamellae (Swerdlow SH et al, 2008) . The demonstration of metachromatic granules with toluidine blue stain and flow cytometry are enough to make the diagnosis. 
Role of clinical history
Prognostic work-up
There is a marked heterogeneity in the behavior of AML patients in terms of their response to the treatment and their survival rates. Various factors were found to have an effect on the prognosis in AML (Table 4 ) (Frohling S et al, 2006; Reinhardt D et al, 2000; Saxena A et al,1998) . Several groups have published studies using cytogenetics to stratify patients into different risk groups (Byrd JC et al, 2002; Slovak ML et al, 2000) . AML cytogenetic subgroups can be identified using molecular profiling with the potential for further subdividing patients to begin to explain the heterogeneity in outcome among patients of the same cytogenetic type. Cytogenetics and molecular studies are very important in the prognostication of acute leukemias. In cytogenetically favorable CBF-AML, the presence of a KIT mutation has been shown to have an unfavorable influence on outcome in retrospective studies (Boissel N et al, 2006; Cairoli R et al, 2006; Schnittger S et al, 2006) . Numerous molecular markers are known to have impact on prognosis (Preudhomme C et al, 2002; Renneville A et al, 2009; Wouters BJ et al, 2009b) . However, one needs to remember that it is the interaction of these factors, which are responsible for the ultimate prognosis, including the post-therapy remission status (Preisler H, 1993) .
Assessing the status of the therapeutic targets
Ever since the introduction of all-trans retinoic acid and the Arsenic trioxide in the treatment of APL, imatinib in CML and rituximab in non-Hodgkin lymphomas of mature B-cell type, focus has been on developing specific drugs that would target those molecules and proteins that are specific to the leukemic cells and not affecting the normal hemopoietic cells. The various targets identified and worked upon in cases of AML are CD33, FLT3-ITD, enzymes as farnesyl transferase, histone deacetylase, P-glycoprotein, bcl-2 protein, and vascular endothelial growth factor (Stone RM, 2007) . Of these the most widely are evaluated are CD33 and FLT3-ITD and its downstream pathway. Gemtuzumab ozogamicin (Mylotarg, CMA 676) is a monoclonal humanized anti-CD33 antibody chemically linked to the cytotoxic agent calicheamicin that inhibits DNA synthesis and induces apoptosis (Döhner H et al, 2010) . It has shown significant activity in patients with relapsed acute myeloid leukemia, in elimination of minimal residual disease and in patients with APL who had evidence of disease only at the molecular level. Several FLT3-selective tyrosine kinase inhibitors (e.g., midostaurin, lestaurtinib, sunitinib) have in vitro cytotoxicity to leukemia cells. A number of FLT3 inhibitors have reached clinical trials as monotherapy in relapsed or refractory AML patients, some or all of whom had FLT3 mutations (Döhner H et al, 2010; Small D, 2006) . Keeping these facts in mind assessment of the potential targets should be undertaken before starting these drugs, best at the time of diagnosis.
Evaluation of the baseline parameters useful during follow-up
Post-treatment assessment of residual disease is an important prognostic marker. Conventional morphology, karyotyping and FISH have not proven to be of any practical utility. Currently the best parameters at the time of diagnosis which can be used as followup markers of disease are molecular transcripts and antigenic profile of the blasts. The practical guidelines are that: for patients with t(15;17), t(8;21) and inv(16), which are about 30% of AML cases, it is recommended to quantify MRD by real-time RT-PCR (Liu Yin JA, 2002; Lo-Coco F et al, 1999 , 2003 . For patients without a molecular marker, the options are multiparameter flow-cytometry or assessment of the WT1, whichever is appropriate for a particular patient (Inoue K et al, 1994; Wood BL, 2007) .
Parameters to assess baseline general health and detect comorbidities
The general health and comorbidities should be assessed at the time of diagnosis before the patient undertakes the treatment. These will be baseline results based on which the complications will be monitored during the treatment. The following tests should be performed -complete blood counts, biochemical analysis, coagulation tests (especially in APL), urine analysis, serum pregnancy test in women with child bearing potential, screening for Hepatitis A, B, C virus and HIV-1 and 2, chest radiograph and 12-lead EKG, ECHO cardiography and lumbar puncture, whenever indicated.
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Planning for future
Although not recommended on a routine basis, however, these tests should be planned in advance to avoid subsequent confounding results. If the patient is an ideal subject for allogeneic stem cell transplant, HLA typing and cross-matching of the patient and potential donors should be performed at the outset and the results be sent to the Bone marrow transplant registry. The patients' pretreatment leukemic marrow and blood should be stored within a biobank. Genome-wide studies -The Probable Future: In recent years, DNA microarrays (complementary DNA (cDNA) and oligonucleotide), together with the availability of the complete nucleotide sequence of the human genome, have spurred the search for abnormalities in cancer, including AML (Wouters BJ et al, 2009a) . There is enough data to support the fact that there is heterogeneity within established AML subtypes. The studies pertaining to the CBF-AMLs, each could be split into subgroups merely based on the GEP data (Wouters BJ et al, 2009a) . Further validation of the generated data is necessary for assessing biologic significance.
Approach in an ideal set-up
The ideal work-up contains all elements described above with the aim of planning for future. The focus is to adopt whatever is clinically significant and proven in terms of diagnosis, prognosis, therapy, and disease monitoring at that point of time. It also involves archiving the necessary samples for future research and the data obtained thereafter may be available to incorporate newer information into clinical practice. The algorithms for this may be as illustrated in Figures 13, 14 & 15.
Approach in resource limited areas
WHO 2008 is the most appropriate classification in terms of prognostication and pathogenesis. This is however, a resource intensive process and liable to deviations in large parts of the world. The constraints on men, machine and material required to adhere to the current WHO classification are very real. It becomes necessary to devise methods that simplify the steps of diagnosis, prognosis, and monitoring treatment response. We find in our experience that it is possible to provide meaningful laboratory support for our underresourced patient population. Morphology combined with cytochemistry forms the basis of identifying entities that are potentially curable [ALL, APL, AML with t(8;21) and AML with inv(16)] and those which are less likely to yield good response to treatment (AML-M0, AML with dyspoiesis, AML-NOS ). With this objective work-up is planned. If treatment is a definite choice, baseline markers for monitoring response are necessary. The lack of resources including finances, infrastructure, expertise and socio-cultural factors that hinder treatment options are considerable. In such a situation diagnosing acute leukemia and recognizing AML in itself is an important step in patient management. Hence, the approach needs to be tailored to individual patient. The work-up designed in these circumstances may not always be in accordance with WHO 2008 guidelines. However, the information derived from this classification has improved our approach. The important end-points in this approach are to distinguish AML from ALL, identify the good-prognostic categories among AML. The algorithm for the same is proposed here (Figure 16 ). 
